SUMMARY: A series of nutritional experiments was carried out on cultures from single ascospores isolated from a single ascus of Venturia inaequalis. The results showed: ( a ) thiamine stimulated all cultures and other vitamins did so to a much less extent ; (b) decoctions of apple leaves contained stimulatory substances ; ( c ) these substances were amino acids, chiefly isoleucine, glutamine, serine and phenylalanine ; (d) best growth was given by some cultures in the presence of thiamine and various amino acids; ( e ) the reaction of the fungus cultures to the decoctions, amino acids and thiamine varied according to the cultures and the combination of nutrients.
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from each of these, but unfortunately culture 7 died in transit. These cultures are designated C. 1, C. 2, ..., C. 8. That part of the medium given above which contained the mineral salts and glucose only will be subsequently referred to as the basal medium. I n each experiment 30 ml. volumes of basal medium were used in 150 ml. Erlenmeyer flasks with five replicates for each variation of medium; sterile phosphate solutions were added to the flasks after autoclaving. The inoculum for all experiments was prepared by adding 15 ml. sterile distilled water to a 6 x p in. tube containing a well-grown culture on agar (30 days old). The surface of the agar was scratched with a sterile needle and 1 ml. of the resultant mycelial suspension was used as inoculum for each experimental flask of liquid medium. It was found by experience that the exact amount of the inoculum did not appreciably affect growth. Cultures were incubated at 20" for 30 days at pH 5.8, and after incubation the mycelial felts were harvested, dried at 95" and weighed, amounts being expressed as mg. dry wt./flask.
Apple leaf decoctions were made by gently boiling 25 g. air-dried apple leaves for 30 min. in distilled water. After filtering, the amount of decoction was made up to one litre and incorporated into the basal medium so that each culture flask contained 5 ml. decoction. Decoctions were made from the following apple varieties : Laxton's Superb, Bramley's Seedling, Newton Wonder, James Grieve, Cox's Orange Pippin, Blenheim Orange Pippin, White Transparent, Wealthy.
RESULTS

Eflects of apple leaf decoctions ott growth
It is known that apple varieties respond differently to different strains of Venturia inaequalis. This observation may perhaps be correlated with differences in the food requirements which the apple is able to supply to the parasite. The growth of the monoascosporal cultures in the basal medium with the addition of decoctions of leaves from the different apple varieties was tested. The seven single cultures were each grown with each mixture of decoction +basal medium in five replicates; there was also a control with basal medium alone. The results are given in Table 1 . With one exception it was seen that all growths with decoction were greater than the growths without decoction. Each culture varied in its amount of growth with each decoction, and with any one decoction the cultures varied in the amount of growth. Generally the faster growing cultures, which are C. 5 , C. 6 and C. 8, gave greater mean weights than the slower growing cultures. Notable exceptions are seen in the growth of C. 1 with Cox's Orange Pippin and C. 3 with James Grieve and Wealthy decoctions. Except for C. 1 with Cox's Orange Pippin, C. 2 with James Grieve and White Transparent and C. 4 with Laxton's Superb decoctions, the growth of all cultures with Wealthy decoctions was poorer than with the others. C. 4 is a slow growing culture and its growth with decoction was generally lower than that of the other cultures. Johnstone (1931) found that leaf extracts derived from resistant varieties of apple were more toxic to Venturia inaequalis than extracts from susceptible varieties. Thus the presence of toxic substances in the leaves might account for the low growths of some of the cultures. This set of experiments indicated that the apple leaves contained substances stimulatory to the good growth of V. inaequalis on the basal medium used.
It was also noted that, in general, cultures C. 1, C. 3 and C. 5 gave greater growth than their corresponding chromatid mates. This result supports that of Keitt & Langford (1941) , who found that several apple varieties differed similarly in their resistance to the eight ascosporal cultures of a single ascus.
The nutritional requirements of the monoascosporal cultures Because of the varying behaviour of the cultures to the different decoctions it became necessary to study the nutritional requirements of the seven cultures c. 1 to c. 8.
The effect of ad&d growth factors and apple leaf decoctions. In this experiment the five growth factors known to stimulate an English strain of Venturia inaequalis were used with or without added leaf decoction. A preliminary experiment showed that these five growth factors either did not stimulate growth of the cultures C. 1 to C. 8, or did so only to a limited extent; only cultures C. 2 and C. 3 showed a significant response to thiamine or folic acid. If any of the five growth factors tested was essential to the growth of the fungus in addition to those added in the decoction, addition of it to the basal medium +decoction should be reflected in an increased yield of growth. The growths of cultures C. 5 , C. 6 and C. 8 did show a significant increase.
The eflect of marganese and ,%indolylacetic acid. Some claims have been made that P-indolylacetic acid, the natural growth hormone, increases the growth of fungi in cultures (Hawker, 1950) . Epstein & Lilleland (1942) found that apple leaves contained a high proportion of manganese, namely 81 p.p.m. of dry weight. It was possible that Venturia inaequalis required a much higher concentration of this metal than hitherto used in our cultures. The effect of 1 p.p.m. of P-indolylacetic acid and 80 p.p.m. manganese was tested with culture C. 5 with and without Bramley's Seedling decoction. The results showed that in the absence of apple leaf decoction neither ,&indolylacetic acid nor manganese 26-2 P . G . Fothergill and R. Ashcroft increased the growth of culture C. 5, but in the presence of decoction both of these substances increased the growth.
The effect of the nitrogen source. Experiments with the Commonwealth Mycological Institute strain of Venturia inaequalis CMI 24,006 showed that NH,NO, in the basal medium was a better source of nitrogen than asparagine, provided that the five growth factors were also present. Palmiter (1934) found that the nitrogen source had a marked effect on the growth of V. iizaequalis. Hence a series of experiments was made to test the effects of different nitrogen compounds on the monoascosporal cultures. The basal medium was used under the usual conditions, but the NH,NO, in it was replaced in turn by Ca(NO,),, KNO,, (NH,),SO,, asparagine and Oxoid peptone in concentrations to give an amount of nitrogen equal to that in 0.0375 M-NH,NO,. Each nitrogen compound was tested in the presence or absence of Bramley's Seedling apple leaf decoction. The results are given in Table 2 . It has already been noted that apple leaf decoction seems to supply some factor essential for good growth of V . inaequalis. Table 2 shows that in the absence of the decoction variation in the inorganic nitrogen source had little effect except in the case of culture C. 1 with Ca(NO,),. I n the presence of decoction there was a great variation in the responses of the various cultures to the different inorganic nitrogen sources. For example, Ca(NO,), is the best source for C. 1 and C. 2, NH,NO, for C. 5 and (NH,),SO, for C. 3, C. 4, C. 6 and C. 8. Many of these cultures fell into their chromatid pairs in their reaction to these compounds; the same nitrogen source produced the highest growth in each member of a chromatid pair. Table 2 shows that, in the absence of decoction, asparagine gave a better growth in more of the cultures than the inorganic sources. Oxoid peptone, however, in the absence of decoction gave as good growth as NH4NO3 did in the presence of decoction for cultures C. 1, C. 5, C. 6 and C. 8. The growth of culture C. 1
with Oxoid peptone was extraordinarily good, but this strain is fast growing, and its mycelial weight in one medium should only be compared with the corresponding weights in other media, rather than with weights of other strains.
In the presence of apple decoction asparagine and Oxoid peptone were both good nitrogen sources for most of the cultures; peptone gave a very high weight of organism with some of the cultures, e.g. C. 5, C. 6 and C.8. It was concluded that the Oxoid peptone contained material which stimulated the growth of V. inaequalis and which was possibly present in the apple leaf decoctions. Determination of the unknown stimulatory material in apple leaf decoction. A quantity of crushed air-dried Bramley's Seedling apple leaves equivalent to 25 g. leaves/l. medium were extracted in a Soxhlet apparatus with ether for 30 hr. The powdered leaves were dried, a decoction prepared and added to the basal medium. This mixture was tested with all the monoascosporal cultures (five replicates) and gave mycelial weights as follows: C. 1 . . . C. 8, 172, 65, 57, 40, 202, 115 and 83 mg. respectively. With all the cultures on this mixture, except C. 3, the results were as good as, or better than, those obtained when a decoction of untreated leaves and NH,NO, in the medium were used. The material in the ether extract added to the basal medium caused no significant increase in growth of the cultures tested. The material in the leaves which increased growth seemed to be water soluble and probably ether insoluble.
A quantity of Bramley's Seedling apple leaves equivalent to 25 g. leaves/l. medium were extracted in cold water in the dark for 3 days and filtered. Of this filtrate one part was tested with culture C. 1 with and without basal medium and gave weights of 174 and 17 mg. respectively. The other part of this filtrate was added to a volume of methylated ether, shaken and separated. The water separation was then steamed and tested with culture C. 1 with and without addition of basal medium; the weights of organism were 167 and 16mg. respectively. The methylated ether separation was evaporated to dryness, the residue taken up with water and tested with culture C. 1 with and without addition of basal medium; the weights of organism were 34 and 2 mg. respectively.
Thus the growths produced by the cold water extract and the water fraction after ether extraction were about five times that produced by the ether fraction, and they were also slightly greater than the growth produced by the hot-water extract in the previous experiment. Thus the growth stimulatory substances in apple leaves are soluble in cold water and are possibly partially destroyed by heating. The flasks with each nutrient minus the basal medium showed that any carbohydrates and salts present in the decoctions did not influence the dry weight to any appreciable extent; with the ether fraction growth was negligible.
Smith & Jones (1948) determined that the non-volatile compounds insoluble in ether from such leaf extracts as above are carbohydrates, polyhydroxy compounds, salts of organic bases with mineral acids, metallic salts, compounds with sulphonic acid group and amino acids. Our experiments showed that the stimulatory substances present in apple leaves are not carbohydrates anti salts. Moreover, carbohydrates are not present in Oxoid peptone, and we have shown that this peptone contains the stimulatory substances. Leben & Keitt (1948) 
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found that the growth of Venturia inaequalis on a defined medium was greatly increased by the addition of extracts of malt, liver, yeast or dead apple leaves. They also found that malt extract ash and minor elements did not increase growth, and concluded that the stimulatory substances must be organic materials such as vitamins. Amino acids and various vitamins are recognized growth factors for many fungi and bacteria. The B vitamins are ether insoluble and water soluble, and as chemicals some of them come into the third group mentioned above. Thus it would seem that amino acids, most of which are readily soluble in water, and possibly some vitamins of the B group, are the substances in apple leaves which stimulate the growth of the apple scab fungus. Leben & Keitt (1948) found thiamine was the only growth factor which stimulated Venturia inaequalis; the effect was varied with different cultures. It was shown (Fothergill & Ashcroft, 1955 ) that a strain of V . inaequalis was stimulated in growth by thiamine, folic acid, pyridoxine, nicotinic acid and ascorbic acid. Thiamine alone gave the greatest stimulation. Earlier we showed that the growth of some of the cultures was stimulated by addition of a mixture of these five vitamins + leaf decoction. The results were variable, and it was difficult to select any one growth factor as the one giving the greatest effect; thiamine may have been stimulatory. The effect of thiamine alone and with leaf decoction was next tried on the monoascosporal cultures and on the Commonwealth Mycological Institute strain (C.M.I.). The results are given in Table 3 . These results showed that the addition of thiamine to the basal medium greatly increased the growth of all the cultures but to a varying extent. I n the previous experiment with five growth factors the effect of the other four possibly masked and interfered with the action of thiamine. In this experiment the addition of thiamine to the medium containing decoction produced a greater growth than the medium with decoction but without the growth factor, varying in amount with the culture used. Strains C. 3 and C. 4 were not affected. I n most of the cultures with the decoction + thiamine the growth was as great as, or greater than, the weight obtained in the previous experiment when five growth factors together were added. Thus it seems that thiamine is the chief vitamin which stimulates the growth of the monoascosporal cultures and the remaining four (i.e. pyridoxine, folic acid, nicotinic acid and ascorbic acid) have only a slight effect.
The eflect of amino acids on growth of Venturia inaequalis
In the experiments described below the amino acids present in apple leaf decoction were determined by paper chromatography, and then the effects of these compounds with or without thiamine were tried on the cultures. The technique of paper partition chromatography as used by Consden, Gordon & Martin (1944) was used with sheets of Whatman no. 1 filter-paper, size 182 x 224 in. One-or two-dimensional chromatograms were made with phenol/water and butanol/acetic acid mixture as solvents. The results are aggregated in Table 4 . Aspartic acid, serine, alanine and valine were detected in the decoctions from the leaves of all the apple varieties analysed. Glutamic acid, phenylalanine, glycine, isoleucine, asparagine and glutamine were detected only in some varieties. Either leucine or isoleucine was present in Laxton's Superb and Bramley 's Seedling leaves. Leucine and isoleucine are difficult to separate in chromatograms, but Hulme & Arthrington (1950) stated that isoleucine and not leucine was present in Bramley's Seedling fruit.
A series of experiments was set up using the amino acids found in the apple leaf decoction and the monoascosporal cultures. A test experiment indicated that most information would be obtained by adding the various amino acids separately to the medium in the presence and absence of thiamine, for some amino acids seemed to stimulate growth and others to inhibit it. Various amino acids a t 200 mg./l. were tested separately (in quadruplicate).
The results of this set of experiments showed that, except for strain C. 3, where an increased growth was shown, aspartic acid did not affect the growth of the cultures of Venturia inaequalis in the absence of thiamine, but in its presence the growth of C. 1, C. 2, C. 5 , C. 6 and C. 8 was decreased in spite of P . G. Fothergill and R. Ashcroft the fact that when tested in decoction asparagine increased growth. Glutamic acid did not stimulate the growth of any of the cultures either in the presence or absence of thiamine. Serine increased the growth of C. 6 and C. 8 in the presence and absence of thiamine, and C. 3 only in the presence of the growth factor. All cultures except C. 1 showed an increase in growth with alanine in the presence of thiamine, while C. 5 , C. 6 and C. 8 showed increase also in its absence. In the presence of thiamine, phenylalanine increased the growth of C. 3, C. 4, C. 6 and C. 8, but in its absence C. 1, C. 4, C. 6 and C. 8 were stimulated. Isoleucine increased growth of C. 1 and C. 6 and C. 8 only slightly in the absence of thiamine and C. 1, C. 3, C. 5, C. 6 and C. 8 in its presence. Glycine stimulated all cultures in the presence of this growth factor, but only C. 1, C. 5 , C. 6 and C. 8 in its absence. I n the absence of thiamine valine increased the growth of all cultures to some extent and in its presence that of C. 1, C. 2, C. 5 , C. 6 and C. 8. Finally glutamine increased the growth of C. 1, C. 2, C. 5 , C. 6 and C. 8 in the presence and absence of thiamine.
DISCUSSION
The experiment with leaf decoctions of various named varieties of apple indicates that apple leaves contain substances which are needed as nutrients for the growth of Venturia inaequalis on a medium containing: 4 yo (w/v) glucose; 0.004 M-K,PO,; 0.002 M-M~SO,. 7H,O; 0.0375 M-NH,NO,; Zn and Mn a t 2 p.p.m. By using cultures derived from the products of a single ascus, which normally behave alike in genetic or chromatid pairs, it was found that in general one set of genetic mates responded differently in growth on the defined medium from the other set. Similarly, in general the cultures differed in their ability to use different nitrogen sources. The chromatid mates of each genetic pair behaved similarly with regard to the nitrogen compound in the presence of apple leaf decoction in the basal medium. In the absence of apple leaf decoction Oxoid peptone and, to a lesser extent, asparagine are good sources of nitrogen. Further experiments showed that in the presence of thiamine the amino acids isoleucine, glutamine, serine and phenylalanine have a differential effect on the growth of the cultures. Thus, although the results are not conclusive, they indicate that nutrition may be genetically controlled in a way which is similar to the inheritance of pathogenicity of V . inaequalis (Keitt & Langford, 1941) .
